Introduction 46
The generation of discards and by-products from fishing activities is one of the 47 most important problems to maintain the sustainability of the marine resources and 48 the extractive marine industry. European Union (EU) has shown a big concern 49 about this problematic; thus, new and more restrictive policies (zero discards) have 50 been legislated in order to minimize the adverse ecological, environmental and 51 pollutant impact of the biomass wasted, to attain their reduction and the 52 
Materials and Methods 134

Cartilage preparation 135
Head wastes of blue shark (Prionace glauca) were kindly provided by Propegal 136 S.L. (Vigo, Spain) and stored at -20ºC. These materials were initially heated in 137 water bath at 80ºC/30 min and muscle was manually discarded. The cartilaginous 138 material were then milled and homogenized at ~1 mm size using a grinder 139 (Thermomix TM31, Vorwerk) and stored at -20ºC until use. 140
141
Analytical determinations 142
Levels of ash, total carbohydrate, crude protein, moisture and fat were determined 143 in triplicate, from subsamples taken before cartilage storage. (%) = CS×100/(CS+Pr), was also calculated in all purification stages. 159
160
Alcalase hydrolysis process 161
Samples of 25 g of cartilage were suspended in 75 mL of distilled water and pre-162 incubated in the conditions of pH and T defined by the factorial design described in 163 Table 1 (see also experimental design section). After addition of 0.3% (v/w) (7.2 164 AU/kg of cartilage) of alcalase 2.4L (Novozymes S.A.), the kinetics of hydrolysis 165 were carried out in a 100 mL-thermostated reactor connected to a pH-Stat system 166 (Metrohm, UK) with agitation (200 rpm) under the experimental conditions from 167 Table 1 . At the end of hydrolysis time (4 h), the enzymatic reactions were stopped 168 by boiling, freezing and centrifuged (6000 g, 20 min) to recover the supernatants 169 (hydrolysates). In these hydrolysates, the concentrations of total proteins and CS 170 were analyzed after performing a chemical treatment with alkaline hydroalcoholic in 171 the suboptimal conditions of 0.5 M (NaOH) and 1.1 v (EtOH). 172
173
The calculation of the degree of hydrolysis (H, in %) was performed according to 174 the pH-Stat protocol reported by Adler-Nissen (1986 
where, H is the degree of hydrolysis (%); t is the time of hydrolysis (min); H m is the 199 maximum degree of hydrolysis (%);  is a parameter related with the maximum 200 slope of cartilage hydrolysis (dimensionless);  is the time required to achieve the were performed by adding to the hydrolysates, slowly and with middle agitation at 210 room temperature, different hydroalcoholic solutions of NaOH in the proportions 211 defined for the experimental design which are summarized in Table 1 . In all the 212 alkaline hydroalcoholic mixtures, 2.5% of NaCl was added for a better redissolution 213 of CS in water. After 2 h in agitation, the suspensions were centrifuged (6000 g, 20 214 min) and the sediments were redissolved with water and neutralized with 6 M HCl. 215
216
Experimental designs and statistical analysis 217
Enzyme hydrolysis of head cartilage and selective precipitation of CS were studied 218 using a rotatable second order designs with quintuple replication in the centre of 219 the experimental domains (Box, Hunter, & Hunter, 2005) ( Table 1 ). In the first 220 case, the combined effect of T and pH on the parameters describing the hydrolysis 221 degree of cartilages and final CS concentration and purity was evaluated. In the 222 second step, NaOH concentration and volumes of EtOH required for the final 223 alkaline proteolysis of proteoglycan and selective precipitation of CS were 224
optimised. 225 226
The experimental results of the factorial designs were modelled by second-order 227 polynomial equations as: 228 
Optimisation of alcalase hydrolysis on P. glauca head cartilages. 290
A varied set of enzyme hydrolysis trends were generated for the different 291
conditions of pH and T tested (Figure 1) . In some pH and T levels the activity of 292 alcalase to solubilise head cartilages was null and therefore no degree of 293 hydrolysis was observed. The kinetics data were accurately modelled by Weibull 294 equation [4] . The numerical value of the parameters and the corresponding 295 statistical analysis of fittings are showed in Table A and EtOH 1.1 v). Table 2 shows the second order equations defining the predicted 303 responses for the enzyme action on cartilage solubilisation affected by the 304 aforementioned independent variables. 305
306
In general, the goodness of fitting and the correlation among data and expected 307 values were good and superior to 70% (94% for I p ). Moreover, they were 308 completely consistent by F-Fisher test evaluation and confirmed their adequate 309 capacity of prediction of the effects studied. In all responses, the quadratic 310 coefficients were always statistically significant and negatives. In Figure 2 (Top) a 311 representation of the theoretical dome surfaces generated by the models from 312 Equating both derivatives to zero, we obtain: T opt = 0 (55ºC in natural value) and 320 pH opt = 0 (9.0 in natural value). These are the conditions that lead to the maximum 321 degree of hydrolysis: 13%. The optima values for the rest of the responses are 322 summarized in Table B (supplementary material) . In this context, the best options 323 for cartilage hydrolysis were defined as the average of such optimal data: T= 324 55.7ºC and pH= 8. 
Membrane procedures for CS purification 383
A sequence of UF-DF using membranes of 100 and 30 kDa was utilised for the 384 final CS purification step. In this context, batches of neutralised CS solutions 385 obtained under the conditions optimised in previous sections were firstly processed 386 at 100 kDa performing complete UF and DF stages. The most remarkable kinetics 387 of CS and protein concentration are depicted in Figure 3 (Table D, supplementary material) . As expected, the coefficient of retention (s) for 396 proteins was higher than for CS. Furthermore, in the case of GAG R f parameters 397 were lower and R 3D parameters were higher, compared to proteins. 398
399
Permeates from UF at 100 kDa were subsequently concentrated by 30 kDa cut-off. 400
In the first step of UF, total correlation agreement between CS experimental and 401 predicted concentration factor profiles (8-fold) was found (Figure 3, top-right) . 402
Proteins were not retained and the filtrate flows were maintained in an average 403 value of 578 ± 57 mL/min. Experimental data of retention obtained in DF stage 404
were accurately modelled using equation Table 2 corresponding to the joint effect of pH and T on alcalase hydrolysis for the different dependent variables quantified. Bottom: Theoretical surfaces calculated by second order equations described in Table 3 to model the combined influence of NaOH and EtOH on the selective treatment of CS from hydrolysate cartilages of P. glauca. Table 1 . Experimental domains and codification of independent variables in the factorial rotatable designs executed to study the cartilage hydrolysis by alcalase and the subsequent chemical treatment of the hydrolysates in alkaline hydroalcoholic solutions. Table 2 . Second order equations describing the effect of T and pH on alcalase cartilage hydrolysis, CS production and I p -index (coded values according to criteria defined in Table 1 ). The coefficient of adjusted determination ( Table 2 corresponding to the joint effect of pH and T on alcalase hydrolysis for the different dependent variables quantified. Bottom: Theoretical surfaces calculated by second order equations described in Table 3 to model the combined effect of NaOH and EtOH on the selective treatment of CS from hydrolysate cartilages of P. glauca. ) and p-values from F-Fisher test are also summarized. Table B . Optima values of the two independent variables (T opt and pH opt ) to obtain the maximum responses from the equations defined in Table 1 
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